.-In the kidney, the sodiumglucose cotransporters SGLT2 and SGLT1 are thought to account for Ͼ90 and ϳ3% of fractional glucose reabsorption (FGR), respectively. However, euglycemic humans treated with an SGLT2 inhibitor maintain an FGR of 40 -50%, mimicking values in Sglt2 knockout mice. Here, we show that oral gavage with a selective SGLT2 inhibitor (SGLT2-I) dose dependently increased urinary glucose excretion (UGE) in wild-type (WT) mice. The dose-response curve was shifted leftward and the maximum response doubled in Sglt1 knockout (Sglt1Ϫ/Ϫ) mice. Treatment in diet with the SGLT2-I for 3 wk maintained 1.5-to 2-fold higher urine glucose/creatinine ratios in Sglt1Ϫ/Ϫ vs. WT mice, associated with a temporarily greater reduction in blood glucose in Sglt1Ϫ/Ϫ vs. WT after 24 h (Ϫ33 vs. Ϫ11%). Subsequent inulin clearance studies under anesthesia revealed free plasma concentrations of the SGLT2-I (corresponding to early proximal concentration) close to the reported IC50 for SGLT2 in mice, which were associated with FGR of 64 Ϯ 2% in WT and 17 Ϯ 2% in Sglt1Ϫ/Ϫ. Additional intraperitoneal application of the SGLT2-I (maximum effective dose in metabolic cages) increased free plasma concentrations ϳ10-fold and reduced FGR to 44 Ϯ 3% in WT and to Ϫ1 Ϯ 3% in Sglt1Ϫ/Ϫ. The absence of renal glucose reabsorption was confirmed in male and female Sglt1/Sglt2 double knockout mice. In conclusion, SGLT2 and SGLT1 account for renal glucose reabsorption in euglycemia, with 97 and 3% being reabsorbed by SGLT2 and SGLT1, respectively. When SGLT2 is fully inhibited by SGLT2-I, the increase in SGLT1-mediated glucose reabsorption explains why only 50 -60% of filtered glucose is excreted. proximal tubule; glucose reabsorption; glucose transport; sodium glucose cotransport inhibitor; diabetes mellitus ABOUT 180 G OF GLUCOSE ARE filtered daily by the kidney and enter the renal tubular system in a healthy normoglycemic subject. Glucose in urine is absent or at very low concentrations in healthy adults due to near complete reabsorption along the nephron segments, primarily in the proximal tubule. The renal Na ϩ -glucose cotransporter SGLT2 (SLC5A2) is localized to the early proximal tubule and thought to mediate the bulk of tubular glucose uptake across the apical membrane of the kidney (14, 17, 20) . Studies in mice lacking Sglt2 demonstrated that SGLT2 mediates all glucose reabsorption in the early proximal tubule and most of overall glucose reabsorption by the kidney (17). In comparison, low-capacity SGLT1 (SLC5A1) "cleans up" most of the remaining luminal glucose in further distal parts of the proximal tubule (1, 3, 14, 20) . Studies in mice lacking Sglt1 (Sglt1Ϫ/Ϫ) revealed a fractional glucose excretion of 3% compared with 0.2% in wild-type (WT) (3). Whether glucose transporters other than SGLT2 and SGLT1 contribute in a measurable extent to renal glucose reabsorption across the luminal membrane of the renal epithelia has never been tested. Potential candidates include a lowaffinity Na ϩ -D-glucose cotransporter cloned from the rat named NaGLT1, which has been proposed to be expressed in the apical membrane of the proximal tubule, but its quantitative contribution to glucose reabsorption, if any, is not known (6). Pharmacological inhibitors of the renal Na ϩ -glucose cotransporter SGLT2 (SLC5A2) are new antidiabetic drugs that inhibit the renal reabsorption of glucose, thereby lowering blood glucose levels (2, 11, 19) . Despite a proposed dominant contribution of SGLT2 to renal glucose reabsorption, previous studies in humans estimated, based on absolute renal glucose excretion data, that application of selective SGLT2 inhibitors increase fractional glucose excretion to only ϳ50 -70%, and thus a fractional glucose reabsorption (FGR) of 30 -50% was maintained (5, 8, 15) . Significant compensation by downstream SGLT1 appears likely and is consistent with a high maximal glucose transport rate of hSGLT1 (7). A recent study showed that absolute urine glucose excretion (UGE) was significantly greater in mice lacking both Sglt1 and Sglt2 vs. mice lacking only Sglt2 (by at least 67%) (12), suggesting that SGLT1 can compensate when Sglt2 is absent. These studies, however, did not measure absolute or fractional glucose reabsorption, and therefore the exact extent of compensation by SGLT1 and whether there is renal glucose reabsorption in the kidney beyond SGLT1 and SGLT2 were not determined. An alternative hypothesis proposed that the SGLT2 inhibitors may not reach their target in the early proximal tubule at high enough concentrations (9). The observation that mean FGR in euglycemic mice lacking Sglt2 (Sglt2Ϫ/Ϫ) was ϳ36% (17), and thus very similar to the values observed in humans treated with SGLT2 inhibitors, provided first evidence against this hypothesis, but more specific studies were lacking. The latter studies in Sglt2Ϫ/Ϫ mice indicated that the mouse models may be suitable to shed further light on these issues.
ABOUT 180 G OF GLUCOSE ARE filtered daily by the kidney and enter the renal tubular system in a healthy normoglycemic subject. Glucose in urine is absent or at very low concentrations in healthy adults due to near complete reabsorption along the nephron segments, primarily in the proximal tubule. The renal Na ϩ -glucose cotransporter SGLT2 (SLC5A2) is localized to the early proximal tubule and thought to mediate the bulk of tubular glucose uptake across the apical membrane of the kidney (14, 17, 20) . Studies in mice lacking Sglt2 demonstrated that SGLT2 mediates all glucose reabsorption in the early proximal tubule and most of overall glucose reabsorption by the kidney (17) . In comparison, low-capacity SGLT1 (SLC5A1) "cleans up" most of the remaining luminal glucose in further distal parts of the proximal tubule (1, 3, 14, 20) . Studies in mice lacking Sglt1 (Sglt1Ϫ/Ϫ) revealed a fractional glucose excretion of 3% compared with 0.2% in wild-type (WT) (3) . Whether glucose transporters other than SGLT2 and SGLT1 contribute in a measurable extent to renal glucose reabsorption across the luminal membrane of the renal epithelia has never been tested. Potential candidates include a lowaffinity Na ϩ -D-glucose cotransporter cloned from the rat named NaGLT1, which has been proposed to be expressed in the apical membrane of the proximal tubule, but its quantitative contribution to glucose reabsorption, if any, is not known (6) . Pharmacological inhibitors of the renal Na ϩ -glucose cotransporter SGLT2 (SLC5A2) are new antidiabetic drugs that inhibit the renal reabsorption of glucose, thereby lowering blood glucose levels (2, 11, 19) . Despite a proposed dominant contribution of SGLT2 to renal glucose reabsorption, previous studies in humans estimated, based on absolute renal glucose excretion data, that application of selective SGLT2 inhibitors increase fractional glucose excretion to only ϳ50 -70%, and thus a fractional glucose reabsorption (FGR) of 30 -50% was maintained (5, 8, 15) . Significant compensation by downstream SGLT1 appears likely and is consistent with a high maximal glucose transport rate of hSGLT1 (7) . A recent study showed that absolute urine glucose excretion (UGE) was significantly greater in mice lacking both Sglt1 and Sglt2 vs. mice lacking only Sglt2 (by at least 67%) (12) , suggesting that SGLT1 can compensate when Sglt2 is absent. These studies, however, did not measure absolute or fractional glucose reabsorption, and therefore the exact extent of compensation by SGLT1 and whether there is renal glucose reabsorption in the kidney beyond SGLT1 and SGLT2 were not determined. An alternative hypothesis proposed that the SGLT2 inhibitors may not reach their target in the early proximal tubule at high enough concentrations (9) . The observation that mean FGR in euglycemic mice lacking Sglt2 (Sglt2Ϫ/Ϫ) was ϳ36% (17) , and thus very similar to the values observed in humans treated with SGLT2 inhibitors, provided first evidence against this hypothesis, but more specific studies were lacking. The latter studies in Sglt2Ϫ/Ϫ mice indicated that the mouse models may be suitable to shed further light on these issues.
To determine whether SGLT1 and SGLT2 account for all glucose reabsorption in the kidney, and whether the increase in SGLT1-mediated transport fully explains the limited glucosuric response to SGLT2 inhibition in euglycemia, we used pharmacological inhibition of SGLT2 in the presence and absence of SGLT1 in mice and compared renal glucose reabsorption with mice lacking both SGLT1 and SGLT2 (Sglt1/ Sglt2Ϫ/Ϫ). These studies also provided insights into the question of whether pharmacological SGLT2 inhibitors reach SGLT2 in the early proximal tubule at high enough concentrations to fully inhibit SGLT2 in vivo.
METHODS
Animals. All animal experimentation was conducted in accordance with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health, Bethesda, MD) and was approved by the local Institutional Animal Care and Use Committee. Sglt1Ϫ/Ϫ or Sglt1/ Sglt2Ϫ/Ϫ mice were used and compared with age-and gendermatched WT mice (3, 17) . All mice were fed a low-glucose diet (in %: 52.5 protein, 11.3 fat, 19.9 fiber, 6.2 ash, 0.9 starch, 0.3 sugar, 13.8 MJ ME/kg; ssniff Spezialdiäten, Soest, Germany) to prevent glucose/ galactose malabsorption and subsequent diarrhea due to the absence of SGLT1. Mice were housed in the same animal room with a 12:12-h light-dark cycle and free access to tap water.
Acute and chronic glucosuric responses to selective SGLT2 inhibition in Sglt1Ϫ/Ϫ and WT mice. Empagliflozin is a selective SGLT2 inhibitor with an IC 50 of 3.1 nM for human SGLT2 and 1.9 nM for mouse SGLT2, is highly selective for SGLT2 over SGLT1 in humans (Ͼ2,500-fold) and mice (ϳ5,800-fold), respectively (4), and was used as a pharmacological tool to inhibit SGLT2. Empagliflozin was provided by Boehringer Ingelheim, Biberach, Germany. The following three series of studies were performed.
First, WT and Sglt1Ϫ/Ϫ mice were treated by oral gavage with vehicle or empagliflozin (0.1-30 mg/kg) together with a water load (30 l/g body wt) to facilitate subsequent quantitative urine collection in metabolic cages over 3 h.
Second, mice were treated with empagliflozin (300 mg/kg of diet) for 3 wk while body weight, urine glucose/creatinine ratios, blood glucose levels, and food and fluid intake were measured. Food and fluid intake was determined while the mice were maintained in their regular cages. Urine was obtained at the same time of day by picking up the mice to elicit reflex urination and holding them over a clean petri dish for sample collection. For paired glucose measurements, blood was collected by tail snip immediately after urine collection in awake mice.
Third, following 3 wk of treatment with empagliflozin in the diet as described above, inulin clearance studies were performed to determine glomerular filtration rate (GFR), filtered glucose, urinary glucose excretion (UGE), and FGR under terminal anesthesia as previously described (13, 17) . Briefly, mice were anesthetized with thiobutabarbital (100 mg/kg ip, 2 l/g body wt; Sigma-Aldrich, St. Louis, MO) and ketamine (100 mg/kg im, 2 l/g body wt; Butler, Dublin, OH). The jugular vein was cannulated for continuous infusion of 2.25% bovine serum albumin in 0.85% NaCl at a rate of 0. 4 Renal clearance studies in mice lacking Sglt1/Sglt2. Renal clearance studies were performed under terminal anesthesia following the procedures described above.
Blood and urine analysis. Blood glucose in awake mice was determined using an Ascensia Elite XL glucometer (Bayer, Mishawaka, IN). Plasma glucose in clearance studies and all urine glucose were determined by the hexokinase/glucose-6-phosphate dehydrogenase method (Infinity, Thermo Electron, Louisville, CO). Total concentrations of empagliflozin in plasma were determined by liquid chromatography-tandem mass spectrometry. We found that mean fractional protein binding of empagliflozin in mouse plasma is constant over a wide range (up to Ͼ50 M) at 88.1 Ϯ 0.5%. We used the latter information to calculate free plasma concentrations.
Statistical analysis. Data are shown as means Ϯ SE. ANOVA and paired or unpaired Student's t-tests were performed to analyze for statistical differences in paired data sets and between groups, respectively. P Ͻ 0.05 was considered statistically significant.
RESULTS

Acute glucosuric effect of SGLT2 inhibitor is doubled in
Sglt1Ϫ/Ϫ vs. WT mice. In metabolic cage studies, UGE was greater in Sglt1Ϫ/Ϫ compared with WT mice following vehicle application (Fig. 1A) , consistent with previous results (3). Empagliflozin dose dependently increased UGE in WT mice Chronic glucosuric effect of SGLT2 inhibitor is enhanced 1.5-to 2-fold in Sglt1Ϫ/Ϫ vs. WT mice, associated with greater increases in food and fluid intake. Treatment with empagliflozin (300 mg/kg of diet) induced a rapid (within the first day) increase in urine glucose/creatinine ratios to 1.5-to 2-fold higher levels in Sglt1Ϫ/Ϫ vs. WT mice, which persisted for the duration of the treatment (3 wk) ( Fig. 2A) . The associated reduction in blood glucose was enhanced in Sglt1Ϫ/Ϫ vs. WT mice after 24 h (Ϫ33 Ϯ 5 vs Ϫ11 Ϯ 5%; P Ͻ 0.05), whereas blood glucose was similar between groups after 1-3 wk of treatment (Fig. 2B) . Empagliflozin increased food and fluid intake in both groups, and these responses were enhanced in Sglt1Ϫ/Ϫ compared with WT mice (Fig. 2, C and D) . Absolute fluid intake was also higher in Sglt1Ϫ/Ϫ vs. WT mice during SGLT2 inhibition (e.g., at 21 days: 10.9 Ϯ 0.2 vs. 9.2 Ϯ 0.2 ml/day, P Ͻ 0.05). The greater increase in food intake in Sglt1Ϫ/Ϫ mice in response to SGLT2 inhibition was not sufficient to yield a higher absolute food intake compared with WT mice at the end of the study, due to a lower basal food intake in Sglt1Ϫ/Ϫ vs. WT mice before the start of empagliflozin [2.2 Ϯ 0.1 vs. 2.6 Ϯ 0.1 g/day, P Ͻ 0.05; basal fluid intake was not significantly different between genotypes: 5.4 Ϯ 0.2 vs. 6.0 Ϯ 0.2 ml/day, not significant (NS)]. The SGLT2 inhibitor modestly reduced body weight in both groups, and this response was similar between genotypes (Fig. 2E) . Based on the values for food intake described above, 300 mg/kg of empagliflozin in the diet translated to a daily dose of ϳ30 -35 mg/kg body wt. Chronic glucosuric response to SGLT2 inhibitor is enhanced 1.5-to 2-fold in Sglt1Ϫ/Ϫ vs. WT mice, associated with greater increases in food and fluid intake. Depicted are effects of empagliflozin application (300 mg/kg of diet) for 3 wk on urinary glucose/creatinine ratios (A), absolute levels of and changes in blood glucose (B), and changes in food intake (C), fluid intake (D), and body weight (E). Spontaneous urine collections were made, and blood was collected by tail snip in awake mice; food and fluid intake was measured in regular cages; n ϭ 9 -11/group. Figure 3 depicts the relationship between filtered glucose and absolute renal glucose excretion (Fig. 3A) , absolute renal glucose reabsorption (Fig. 3B) , and FGR (Fig. 3C ) in both genotypes. Chronic treatment with the SGLT2 inhibitor empagliflozin in the diet established values for FGR of 64 Ϯ 2% in WT and 17 Ϯ 2% in Sglt1Ϫ/Ϫ mice (P Ͻ 0.001). These effects were associated with free empagliflozin plasma concentrations of 1-2 nM in both genotypes (Fig. 3D) , indicating early proximal luminal concentrations close to the reported IC 50 value of 1.9 nM for this SGLT2 inhibitor in expression systems (4). To determine the ceiling for the glucosuric effect of empagliflozin, an additional single dose of empagliflozin (10 mg/kg ip) was given to some animals 1 h before the study. This additional dose increased the free plasma concentration of empagliflozin to 20 -22 nM (Fig.  3D ) and reduced FGR to 44 Ϯ 3% in WT and to Ϫ1 Ϯ 3% in Sglt1Ϫ/Ϫ mice (Fig. 3C) . These values with high dose pharmacological SGLT2 inhibition in WT were similar to the mean FGR of 36 Ϯ 8% previously reported in Sglt2Ϫ/Ϫ mice (17) .
Combined gene knockout of Sglt1 and Sglt2 completely prevented renal glucose reabsorption. Spontaneous collections of urine and blood revealed that absolute urinary glucose concentrations and urinary glucose/creatinine ratios were increased whereas blood glucose levels were reduced in Sglt1/ 2Ϫ/Ϫ vs. WT mice ( Table 1 ). The urinary glucose and calorie loss in Sglt1/2Ϫ/Ϫ mice was associated with lower body weight, and greater food and fluid intake compared with WT mice. The increase in food intake and the previously reported lower serum levels of insulin (12) may contribute to the only modest reduction in body weight and blood glucose levels in Sglt1/2Ϫ/Ϫ mice. Higher values for hematocrit, plasma concentrations of sodium and aldosterone, as well as urine vasopressin/creatinine ratios provided indirect evidence for hemoconcentration in Sglt1/2Ϫ/Ϫ compared with WT mice (Table  1) .
Clearance studies were performed to determine the relationship between filtered glucose and absolute renal glucose excretion (Fig. 4A) and reabsorption (Fig. 4B ) as well as FGR (Fig. 4C ) in male and female Sglt1/Sglt2Ϫ/Ϫ mice. The clearance experiments revealed that glucose reabsorption was eliminated altogether when both SGLT2 and SGLT1 were absent. . SGLT2 inhibitor empagliflozin reduces fractional renal glucose reabsorption to 44% in WT and completely prevented renal glucose reabsorption in Sglt1Ϫ/Ϫ mice. Inulin clearance studies were performed under terminal anesthesia in the late morning following empagliflozin application (300 mg/kg of diet) for 3 wk. Depicted is the relationship between filtered glucose and absolute renal glucose excretion (A), absolute renal glucose reabsorption (B), and fractional glucose reabsorption (C) in Sglt1Ϫ/Ϫ and WT mice. Each dot represents 1 clearance experiment period; n ϭ 4 -9/group. In A and B, the line of identity is included as a dashed line for ease of interpretation. Based on previous studies (3, 17) , values for WT untreated mice are expected close to 0 for absolute renal glucose excretion (A), close to the line of identity for absolute renal glucose reabsorption (B), and close to 100% for fractional glucose reabsorption (C). D: free plasma concentrations of empagliflozin, corresponding to early tubular concentrations, were similar to reported IC50 for mouse SGLT2 (ϳ1-2 nM) (4), when the drug was given "in the diet." Additional application of empagliflozin 1 h before the study increased free plasma concentrations to 20 -22 nM and reduced fractional glucose reabsorption in WT by ϳ55-60%, similar to the phenotype of untreated Sglt2Ϫ/Ϫ mice (17) , with the remaining glucose reabsorption (ϳ40 -45%) being mediated by SGLT1. Values are means Ϯ SE; n ϭ 9/group. WT, wild-type; SGLT, sodiumglucose cotransporter. Brackets indicate concentration.
# P Ͻ 0.05 vs. WT.
DISCUSSION
The main findings of the current study are that SGLT2 and SGLT1 together can account for all glucose reabsorption in the kidneys of euglycemic mice. Consistent evidence is provided by pharmacological and gene knockout studies. Considering the presented data together with published results for Sglt1Ϫ/Ϫ and Sglt2Ϫ/Ϫ mice (3, 17) , we propose that in kidneys of untreated nondiabetic mice, 97 and 3% of filtered glucose is reabsorbed via SGLT2 and SGLT1, respectively. During SGLT2 inhibition, the glucose load to the SGLT1-expressing S2/S3 segments of the proximal tubule is enhanced and a compensatory increase in SGLT1-mediated transport occurs. This explains why FGR is maintained at 40 -50% in response to an SGLT2 inhibitor in euglycemic conditions. When SGLT2 is inhibited, there is compensation by SGLT1. The compensation by SGLT1 was apparent with both acute and chronic application of the SGLT2 inhibitor. In metabolic cages, the compensation by SGLT1 in response to acute SGLT2 inhibition was indicated by the leftward shift and doubling of the maximum glucosuric response to empagliflozin in mice lacking SGLT1 compared with WT mice. These studies further revealed that the difference between the dose-response curves in Sglt1Ϫ/Ϫ and WT mice, which reflects the glucose reabsorption mediated via SGLT1 in WT mice, reached a maximum at an empagliflozin dose of ϳ0.4 mg/kg po. This maximal difference was maintained at higher doses up to 10 mg/kg, consistent with a high selectivity of the inhibitor for SGLT2 vs. SGLT1 in this dose range (a reduction in SGLT2 to SGLT1 selectivity at higher doses would increase glucosuria in WT relative to Sglt1Ϫ/Ϫ mice and move the WT curve closer toward the Sglt1Ϫ/Ϫ curve). The compensation by SGLT1 with chronic application of the SGLT2 inhibitor was indicated by sustained 1.5-to 2-fold higher urinary glucose/creatinine ratios in Sglt1Ϫ/Ϫ compared with WT mice. The clearance studies showed that the differences in glucosuria in response to empagliflozin were due to differences in renal glucose reabsorption, which was consistently lower in Sglt1Ϫ/Ϫ compared with WT mice. The difference in FGR between Sglt1Ϫ/Ϫ and WT mice, i.e., the SGLT1-mediated FGR in WT, was ϳ45% during inhibition of SGLT2 with empagliflozin. This difference was observed with chronic empagliflozin treatment in the diet as well as when additional empagliflozin was superimposed 1 h before clearance studies. These maneuvers induced free plasma, and thus early proximal tubule concentrations of empagliflozin of 1-2 nM (close to IC 50 for SGLT2) and ϳ20 nM, respectively, indicating that SGLT1 reabsorbed ϳ45% of filtered glucose when SGLT2 inhibition was close to halfmaximal or higher. The data are consistent with a high selectivity of the inhibitor for SGLT2 vs. SGLT1 in the doses and plasma concentrations tested and indirectly indicate that SGLT1 transport is saturated when SGLT2 is inhibited by 50% or more. High-dose empagliflozin lowered FGR in WT mice to 44%, which is close to the mean FGR of 38% previously reported in mice lacking SGLT2 (17) . Mimicking the results obtained in Sglt1/Sglt2 double knockout mice, application of high-dose empagliflozin to Sglt1Ϫ/Ϫ mice completely prevented net renal glucose reabsorption, providing the first pharmacological and genetic evidence that SGLT2 and SGLT1 together account for all renal glucose reabsorption, at least under euglycemic conditions. The results further indicate that empagliflozin can reach and inhibit in vivo all SGLT2 that contributes to renal glucose reabsorption.
The current results, although performed in nondiabetic mice, support the concept that pharmacological inhibition of SGLT2 reduces renal glucose reabsorption, thereby lowering blood glucose levels, which is of therapeutic value in diabetes mellitus (2, 11, 19) . This is consistent with recent genetic approaches in streptozotocin-diabetic mice, which showed that the gene knockout of SGLT2 (18) or a loss-of-function mutation in SGLT2 (10) mitigates hyperglycemia. In accordance with previous findings in nondiabetic Sglt2 gene knockout mice (17, 18) , the SGLT2 inhibitor empagliflozin enhanced food and fluid intake in nondiabetic WT mice, possibly to compensate for the urinary glucose, caloric, and fluid loss, thereby maintaining fluid homeostasis and stabilizing body weight. We further observed that the enhanced glucosuric effect of SGLT2 inhibition in the absence of SGLT1 was associated with a stronger initial blood glucose-lowering effect and greater increases in food and fluid intake that presumably limited the body weight loss compared with WT mice. These results are consistent with the concept that combined renal inhibition of SGLT2 and SGLT1 is more glucosuric than inhibition of SGLT2 alone and confirm previous studies in diabetic Sglt1/Sglt2 double knockout mice (12) . An increase in glucosuria will also increase diuresis, which likely contributed to the observed indirect evidence for hemoconcentration in nondiabetic Sglt1/2Ϫ/Ϫ compared with WT mice. Recent studies in streptozotocin-diabetic mice lacking Sglt2 (18) and in Akita diabetic mice treated with empagliflozin (16) illustrated and discussed the remarkably different effect of SGLT2 inhibition on glucosuria and, therefore, body weight and food intake in diabetic vs. nondiabetic conditions. In summary, we show for the first time that SGLT2 and SGLT1 together can account for renal glucose reabsorption in euglycemic mice. Considering the presented data together with published results for Sglt1Ϫ/Ϫ and Sglt2Ϫ/Ϫ mice (3, 17) , we conclude that in kidneys of untreated euglycemic mice, 97 and 3% of filtered glucose is reabsorbed via SGLT2 and SGLT1, respectively. During genetic or pharmacological inhibition of SGLT2, a compensatory increase in SGLT1-mediated transport occurs, which explains why renal FGR is maintained at 40 -50%. The studies also provided evidence that the SGLT2 inhibitor empagliflozin can reach and inhibit in the kidney all SGLT2 that contributes to glucose reabsorption. 
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